Ag/kaolin nanocomposite was prepared by reduction of Ag + ion with ethanol at alkaline condition on kaolin surface. Nanocomposite was characterized by FTIR, XRD, TEM, and BET methods. Results showed the Ag/kaolin composite has particle size 50 nm. The surface area was increased from kaolin to Ag/kaolin from 1.0215 to 7.409 m 2 g −1 , respectively. Ag/kaolin nanocomposite was used for adsorption of acid cyanine 5R (AC5R) from aqueous solution. The effect of parameters such as contact time, pH, and mass of nano composite has been investigated. The maximum percentage of adsorption of AC5R was found at pH 3 and contact time of 60 min. The higher percentage removal of AC5R by Ag/kaolin than kaolin can be attributed to catalytic activity of Ag on the surface of kaolin. The experimental data was fitted by pseudo-second-order kinetic model. The adsorption isotherm data could be well interpreted by Langmuir isotherm model. From the results of thermodynamic study, the adsorption process of AC5R onto Ag/kaolin nanocomposite was spontaneous and endothermic process. The process is clean and safe for purifying of water pollution.
Introduction
The effluent from many chemical and textile industries is major source of water pollution. They contain organic compounds and dyes. Many colors and dyes are toxic and carcinogenic. Large volumes of colored aqueous effluents are discharged to environment by the various divisions, such as textiles and painting. Numbers of techniques are available for the treatment of wastewater such as photocatalytic degradation, coagulation, electrochemical technique, and adsorption [1] [2] [3] [4] [5] [6] [7] . Adsorption has proven usual process, more efficient, and economically feasible for the removal of variety of contaminants [8] [9] [10] [11] [12] . Adsorption of some dyes and organic compounds with different sorbents was investigated [13] [14] [15] . Adsorption of cyanine dyes to solid surfaces has evoked interest from both a basic and technological point of view. The adsorption behavior of some cyanine dyes has been studied [16] . Adsorption on the surface of semiconductor powders such as ZnO, TiO 2 , AgCl and on silica, are some of the interesting applications of the dyes adsorbed on a solid surface [17] .
Mineral clays are widely applied in ceramics, paper filling and coating, catalysts, adsorbents, and nanocomposites [18] [19] [20] [21] [22] [23] [24] . Mineral clays have been extensively studied for potential applications as environmental remediation agents to remove heavy metals and organic contaminants from water. The montmorillonite and kaolin group clays were used as adsorbent [25, 26] . Kaolin is one of the most common clay minerals found on the surface of the earth. The general structure of the kaolinite group is composed of silicate sheets (Si 2 O 5 ) banded to aluminum oxide/hydroxide layers (Al 2 (OH) 4 ). Ag is an important inorganic material that has wide applications perspective in catalysis [27] [28] [29] . Cyanine dyes are widely used as fluorescent probes for visualization of nucleic acids in electrophoretic gels. Unfortunately, some of these dyes are known to have mutagenic and carcinogenic activity. Cyanine dyes beside the ability to intercalate into DNA molecule also appeared to have complex binding modes, obviously involving interactions with sites in the major or minor grooves and/or with the phosphate backbone of DNA molecules. Such properties could point to the possibility that the abovementioned cyanine dyes are mutagenic [30] . In this work, we used the adsorption layer on the surface of kaolin as a reactor to prepare Ag/Kaolin nanocomposite material. The adsorption behavior of acid cyanine 5R onto Ag/Kaolin was studied.
Experimental

Reagent and Apparatus.
Silver nitrate, ethyl alcohol, hydrochloride acid, and sodium hydroxide were purchased from Merck. All of the reagents were analytical reagent grade. Acid cyanine 5R dye (sodium 8-
naphthalene-1-sulfonate) was purchased from BDH and was used as received, without purification (C 32 H 21 N 5 Na 2 O 6 S 2 = 682). The chemical structure of cyanine dye is shown in Figure 1 . Kaolin was obtained from laabe yazd co of Iran from ceramic industry.
IR measurements were performed by FT-IR tensor-27 of Burker Co., using the KBr pellet. UV-Vis spectrophotometer 160 A Shimadzu was used for determination of concentration of AC5R. All pH measurements were carried out with an ISTEK-720P pH meter. The powder X-ray diffraction studies were made on Philips PW3719 X-ray diffractometer by using Cu-K radiation of wave length 1.54060Å. The morphology of the nanocomposite was characterized by transmission electron microscopy (TEM Philips-CM). The nitrogen adsorption/desorption isotherms were measured by Quanta chrome, Autosorb-1.
Preparation of
Ag/kaolin Nanocomposite. The kaolin was crushed and passed through a 100-mesh sieve and baked at 150 ∘ C. 2 g kaolin and 200 mL absolute ethyl alcohol were added and well mixed in triflask. After that kaolin was well dispersion and water and NaOH (5%) with constant ratio 1 : 1 were added into the reaction system and adsorbed under stirred condition. After that, 30 mL of AgNO 3 7.6 g L −1 in ethyl alcohol was added at a rate of 0.5 mL/min and reacts with NaOH and reduced by ethanol [31] . . From X-ray diffraction pattern of Ag/kaolin, the peaks of quartz were observed and peaks at 2 = 33, 34 and 2 = 38, 39 were attributed to the Ag on the surface of kaolin. These reflections indicate the presence of Ag from AgNO 3 on the surface of kaolin.
Results and Discussion
The pattern of the sample matched well with the standard patterns of silver (JCPDS file no. 04-0783). All of the peaks of the patterns of the samples can be readily indexed to face centered-cubic silver (JCPDS file no. 04-0783), where the diffraction peaks at 2 values of 34, 38
∘ can be ascribed to the reflection of (111) and diffraction peaks at 2 values of 48 and 64.4
∘ can be ascribed to the reflection of (220) planes of the face-centered-cubic silver, respectively. These reflections indicate the presence of Ag from AgNO 3 on the surface of kaolin (Figure 3(b) ).
The average crystalline size of the Ag/kaolin nanoparticles was determined by the Scherrer equation:
where is the average size of the particles, = 0.94, is wavelength of X-ray radiation from Cu-K ( = 1.54 nm), is the full height at half maximum of the diffraction peak, and is the angel of diffraction. The average crystalline size of Ag/kaolin nanoparticles was 45-70 nm. This confirmed the particle size of Ag/kaolin was obtained from TEM image.
TEM image of Ag/kaolin is shown in Figure 4 . The image has shown the particle size of 50 nm. Figure 4 has shown the small black points on the picture. This is due to a large amount of Ag nanoparticles on the surface of kaolin. It is detected that Ag nanoparticles are distributed over the surface of kaolin in the form of massive agglomeration.
The N 2 adsorption-desorption isotherms of kaolin and Ag/kaolin nanocomposite are presented in Figure 5 . The isotherms are between type IV and II, which is the characteristic of porous structures. The hysteresis loop, which is very common in this type of clays [32] , is associated with network effects of N 2 desorption from the house of cards structure, indicating the random orientation of layers. Physical properties of kaolin and Ag/kaolin are listed in Table 1 .
As expected, the BET surface area, total pore volume, and a mesopore size are increased from kaolin to Ag/kaolin. Increasing surface area from 1.0215 m from kaolin to Ag/kaolin confirmed the formation of new porous structures.
Adsorption Study
Effect of Contact Time.
Effect of contact time on the adsorption of AC5R onto Ag/kaolin nanocomposite was investigated. It can be observed from Figure 6 that the dye adsorption increases with the increasing of treating time. The adsorption of samples attained about 45% after 240 min of contact time for kaolin and 90% at 60 min of contact time for Ag/kaolin. As could be seen from Figure 6 , the adsorption efficiency of AC5R onto Ag/kaolin nanocomposite occurs rapidly in the first 60 min, after that the adsorption of dye is slowly until the equilibrium is obtained [8] . The high percentage removal of AC5R by Ag/kaolin can be attributed to catalytic activity of Ag on the surface of kaolin [27] . The FTIR spectra of Ag/kaolin nanocomposite before and after adsorption of AC5R have also shown the presence of AC5R onto the Ag/kaolin (no Fig). 
Effect of pH.
The pH of the system is very important parameter on the adsorption process. Figure 7 shows the effect of pH on the adsorption of AC5R onto Ag/kaolin nano composite. The adsorption capacity decreases with increasing pH of the solution. The maximum adsorption of AC5R on Ag/kaolin nanocomposite is found at pH 3. This could be explained by the fact that at low pH, more protons will be available to protonate amine and hydroxyl groups. It causes increasing the number of binding sites for the adsorption of AC5R. The influence of pH on the adsorption capacity showed decreasing affinity with increasing electrostatic repulsion between AC5R and Ag/kaolin nanocomposite. At high pH value the repulsion between AC5R and adsorbent was done [8] .
Effect of Amount of Sorbent.
The effect of mass of Ag/kaolin nanocomposite on the sorption for 30 mL of AC5R 40 mg L −1 is shown in Figure 8 . The AC5R removal increases rapidly with increasing in mass of Ag/kaolin nanocomposite up to 0.5 g. An increase in the adsorption with adsorbent dosage can be attributed to the availability for more adsorption sites and greater surface area for contact. The removal between 0.5 and 2 g of sorbent dosage is only marginal. At Ag/kaolin nanocomposite more than 0.50 g, the incremental AC5R removal is very small [33, 34] .
Kinetic of Adsorption.
The kinetic study of the adsorption process provides useful data regarding the efficiency of adsorption and feasibility of scale-up operations. The adsorption kinetic experiments were carried out to evaluate the rate of a sorption process on the Ag/kaolin nanocomposite. The kinetic data of adsorption can be evaluated using different types of mathematical models. The transient behavior of AC5R adsorption process was analyzed by using the pseudo-first order and pseudo-secondorder kinetic models [34] [35] [36] [37] . The pseudo-first order model assumes that the rate of change of solute uptake with time is directly proportional to difference in saturation concentration and amount of solid uptake with time:
where and are the amounts of AC5R adsorbed per united mass of the adsorbent (mg g −1 ) at equilibrium and time , respectively, and 1 is the rate constant of adsorption (min −1 ). When ln ( − ) was plotted against time, a straight line should be obtained with a slope of 1 if the first order kinetics is valid.
The pseudo-second order model has the following form:
where and represent the amount of AC5R adsorbed (mg g −1 ) at equilibrium and at any time and 2 in the rate constant of the pseudo-second order equation (g mg −1 min −1 ). A plot of / versus time ( ) would yield a line with a slope of 1/ and an intercept of 1/( 2 2 ) if the second order model is a suitable expression. The kinetic model with a higher correlation coefficient 2 was selected as the most suitable one (Figures 9(a) and 9(b) ). It was found that application of pseudo-second-order kinetic model to (3) provides better correlation coefficient of experimental data.
Adsorption Isotherm of AC5R.
Adsorption isotherm is important to describe how solutes interact with adsorbent. The Langmuir and Freundlich equations were employed to study the sorption isotherms of AC5R. The Langmuir adsorption model is given as
where is the adsorbed amount at the equilibrium (mg g the equilibrium concentration of AC5R dye in the solution (mg L −1 ), and is the Langmuir constant related to the affinity of binding sites (mL mg −1 ). Freundlich adsorption isotherm model, which is an empirical equation used to describe heterogenous adsorption system, can be represented as follows:
where is defined as above, is Freundlich constant representing the adsorption capacity (mg g −1 ), and is the heterogeneity factor depicting the adsorption intensity.
Figures 10(a) and 10(b) show the adsorption isotherms of Freundlich and Langmuir. The regression equations and parameters , , and , as well as the correlation coefficients 2 are summarized in Table 2 . As known to us, Langmuir isotherm is on the supposition that the surface of entropy (Δ ∘ ) are the actual indicators for practical application of adsorption process. The thermodynamic parameters for adsorption process of AC5R onto Ag/kaolin were determined at different temperatures using the following equations [37] :
where Δ ∘ is the standard-free energy change, is the absolute temperature, is the universal gas constant (8.314 J⋅mol −1 K −1 ) and is the equilibrium constant. The apparent equilibrium constant of the sorption, , is obtained from = ,
where is the equilibrium constant, is the amount of AC5R adsorbed on the adsorbent of solution at equilibrium (mg g −1 ), is the equilibrium concentration of AC5R in the solution (mg L −1 ). values and calculated at different temperatures to allow the determination of the thermodynamic equilibrium constant ( ) [39, 40] . The free energy changes are also calculated by using the following equations:
where Δ ∘ and Δ ∘ were as calculated the slope and intercept of van't Hoff plots of ln versus 1/ . The results of thermodynamic parameters of AC5R adsorption onto Ag/kaolin are given in Table 3 .
Conclusion
Ag/kaolin nanocomposite with average size ∼50 nm has been synthesized. It was used for the removal of acid cyanine 5R dye (AC5R) from water. The particles were characterized using FTIR, XRD, and TEM. The adsorption process could be described by the second-order kinetic model. The Langmuir isotherm is suitable for characterization experimental adsorption isotherm. The process of purifying water pollution presented here is clean and safe. Hence, it provides a simple and environment friendly separation tool for the removal of organic dyes or other pollutants.
